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Abstract—A project for the creation and implementation of a distance-
learning course on Indoor Environmental Comfort in Buildings (IECB) is pre-
sented. This course resulted from a request by Ordem dos Engenheiros (Portu-
guese engineering professional body) to the University of Coimbra. It was 
based on the Indoor Environmental Quality (IEQ) course of the Master in Ener-
gy for Sustainability and PhD in Sustainable Energy Systems of the University 
of Coimbra, coordinated by the first author. Jointly with the support of the Dis-
tance Education Service of the University of Coimbra, using as a starting point 
the existing contents of a formal discipline, the teaching methodologies and a 
set of activities were developed to implement a distance-learning course with a 
strong e-learning component by the students. Diversified strategies, using the 
existing platform running on Moodle, such as webinars, virtual laboratories, 
remote access labs, discussion forums and synchronous sessions, were tested to 
ensure a dynamic and interested engagement of the students along the course. 
Keywords—E-learning course, Indoor Environmental Comfort in Buildings, 
Moodle, Virtual labs 
1 Introduction 
The Indoor Environmental Comfort in Buildings (IECB) course was developed as 
a partnership project between the Energy, Environment and Comfort research group 
of ADAI-LAETA, from the Mechanical Engineering Department of the University of 
Coimbra (UC) and the Distance-learning service of the same university. Its creation 
resulted from an invitation to UC by Ordem dos Engenheiros (Portuguese engineering 
professional body), for making available a course in this area through a distance-
learning platform. 
As there was already a regular discipline on Indoor Environmental Quality (IEQ), 
integrated in the educational programme of the Master in Energy for Sustainability 
and PhD in Sustainable Energy Systems of the University of Coimbra [1], [2], this 
was used as starting point for the structuring of the distance-learning course on IECB. 
Previous experience of the first author in the coordination of a manual published by 
REHVA (Federation of European Heating, Ventilation and Air Conditioning Associa-
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tions) [3], in the areas of Thermal Environment and Indoor Air Quality (IAQ), was 
also an important factor in the decision to bring forward this project. 
The course main objectives were: 
• Giving the trainees the theory knowledge and practical training on the subjects 
related to environmental comfort in buildings; 
• Developing the trainees’ capacities to define the indoor environment project condi-
tions and to assess these in existing buildings. 
These general guidelines entail the skills to be developed by the students, as fol-
lows: 
1. Acknowledging the technical aspects and regulations related to the various areas of 
analysis of IEQ; 
2. Integrating the information on various relevant partial aspects for environmental 
quality indoors (thermal environment, indoor air quality, noise, vibration, lighting); 
3. Diagnosing the IEQ proposing improvement measures; 
4. Integrating the knowledge related to IEQ in professional activities related to de-
sign, construction, installation, operation, licensing, and maintenance of buildings 
and systems; 
5. Acting as agents of knowledge dissemination related to the course, including rais-
ing awareness of the need for harmonizing concerns regarding IEQ with the re-
quirement of rational use of energy. 
The main methodologies used for transfer of knowledge, to ensure the communica-
tion between the various players and to guarantee the assessment processes are pre-
sented in the current paper. 
2 Organization and Functioning of the Course 
The course on Indoor Environmental Comfort in Buildings (IECB) [4] is structured 
in five modules, subdivided into twenty-three themes. The introductory Module (0) 
frames the trainees into the course and promotes their training in the use of a comput-
er platform [5]. The following modules (1-4) have a technical character, covering 
topics related to Thermal Environment (1), Indoor Air Quality (2), Noise and Vibra-
tion (3) and Lighting (4), as presented in Figure 1. 
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Fig. 1. Graphical interface of one of the access pages to the IECB course platform 
The course is designed for a total of 81 hours of work corresponding to 3 ECTS 
(European Credit Transfer and Accumulation System) credits, according to the fol-
lowing plan: 
Module 0 | Overall view (10 hours) 
Theme 0.1 | the student in virtual learning environments 
Theme 0.2 | objectives and modules of the course 
Theme 0.3 | comprehensive overview 
Module 1 | Thermal environment (20h) 
Theme 1.1 | thermal comfort concept and mechanisms of heat and mass transfer 
Theme 1.2 | thermal balance of the human body 
Theme 1.3 | thermoregulation of the body 
Theme 1.4 | thermal comfort indices 
Theme 1.5 | thermal comfort assessment 
Theme 1.6 | thermal comfort adaptive model 
Module 2 | Indoor air quality (20h) 
Theme 2.1 | fundamentals 
Theme 2.2 | ventilation elements 
Theme 2.3 | IAQ instrumentation 
Theme 2.4 | analysis methodologies 
Theme 2.5 | IAQ audits 
Module 3 | Noise and vibrations (20h) 
Theme 3.1 | fundamentals 
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Theme 3.2 | generation and propagation of sound fields 
Theme 3.3 | urban noise - acoustic environment 
Theme 3.4 | acoustic quality in buildings 
Theme 3.5 | occupational vibrations 
Module 4 | Lighting (11h) 
Theme 4.1 | systems of units and quantities 
Theme 4.2 | fundamentals 
Theme 4.3 | functioning of the human vision 
Theme 4.4 | visual environment testing. 
 
The course modular organization allows specific content, activities and assessment 
in each module. Each module has its own timeframe, with beginning and closing 
dates. This is a sequential modular structure, dependent of the realization of the pro-
posed activities in agreement with the general schedule of the course. The course 
program is presented in the Appendix. 
The course is entirely at distance, supported by a Moodle platform, not requiring 
in-person sessions. Moodle, acronym of Modular Object-Oriented Dynamic Learning 
was developed by Martin Dougianas as a software package for internet based disci-
plines, having been designed to support a social and constructive approach of teach-
ing, in which the teacher role is to give answers to the students learning needs. 
Along the course, the learning tasks were conceived to allow exploring various 
cognitive domains, in a progression that, normally, obeyed an ordering type: 
knowledge, understanding, implementation, analysis and synthesis. Not all the mod-
ules in the course have involved the same cognitive domains, but it can be stated that 
the three first were always present and that, from the last two, at least one of them was 
explored. 
Moodle includes a group of basic functionalities: 
1. Reserved access and different user profiles – each participant has its own private 
area and particular role in the course (student, teacher, manager, administrator or 
visitor). 
2. Managing the access to contents – contents can be placed online in different for-
mats, moments and in different forms of interaction with the students. 
3. Synchronous and asynchronous communication tools. 
4. Registration and controlling systems of the activities – automatic reports of the ac-
tivities of the platform. 
In addition, Moodle enables the definition of activities of diverse character, such as 
forums, chats, glossaries, surveys, tests, wikis, workshops, works, etc. that enable the 
application of different teaching methodologies. The access to the platform is flexible, 
allowing the students to organize and adequate their working schedule in function of 
the proposed activities. The interactions between the students and the teaching team 
are established mostly asynchronously, not requiring the simultaneous presence of the 
different counterparts in the platform. The existence of synchronous sessions is how-
ever expected (with participants communicating online at the same time), through an 
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online communication tool, in a date/time to be defined during the period of the 
course. 
The evaluation process used in the course is based on the continuous evaluation 
model, made from the execution of specific activities – the student progression to the 
following module is only allowed in case he/she has completed the proposed activities 
in the precedent module. A period of improvement of the performed activities is fore-
seen in each module, in which the student may reformulate his works. All the activi-
ties may be subject to improvement, during the corresponding improvement period, 
excepting the assessment test of each module, which can be done only once. The 
number of activities that can be improved in each module is defined according to the 
formula n-1 (n= number of activities of the module). 
Module 0 has a diagnosis and formation character, and it is not considered in the 
final evaluation of the student. Nevertheless, all the activities within this module are 
mandatory and the failure to carry out these activities compromises the student pro-
gression and engagement in the course. The final grade corresponds to the arithmetic 
average of the grades obtained by the students in the various assessment activities 
along the course (test, practical exercises and reports), being assigned in a 0-20 scale. 
3 Teaching/Learning methods 
The teaching-learning process is based on the appropriation of the contents and 
support material provided on the platform for the study of the subjects, and on the 
systematic follow up of the individual and collective work of the students. An active 
and collaborative work methodology is developed, in which the students build up 
competences in the framework of the general thematic of the course, through the di-
verse activities that are proposed. 
The concern of defining the learning tasks in function of the cognitive domains that 
were intended to be worked was present during the IECB course plan elaboration, as 
described in [5]. The first contact of the students with the subjects is done through 
access to the contents developed by the teaching staff in the form of slide presenta-
tions and original documents, included in the platform by the UC distance learning 
unit team. These are consistently organized with the study plan of the course and are 
selected by the students through the theme index. This learning task corresponds to 
the acquisition of basic knowledge (information acquisition and remembering). In 
Figure 2, for example, the platform graphical interface is presented, showing contents 
of Module 1. 
Student learning is complemented with support from reading, visioning and explor-
ing the resources available in each module. Support resources include webinars, cre-
ated by the teaching staff, in which are orally explained some slide presentations or 
image sequences generated from virtual labs. There are also some videos produced by 
the UC television team, in which the teachers explain the use of some measuring 
devices used in the framework of the various modules of the course. Books, scientific 
articles, norms and internet websites of scientific communities and enterprises related 
to the topics of the course are also provided by the platform. 
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Fig. 2. Graphical interface of one of the content pages of the IECB course 
At this stage, it may be considered that the cognitive domain of subject understand-
ing is being worked; it is expected that the students establish new relations with the 
contents, deepen their knowledge, understand the concepts and reshape some of the 
previously acquired information. 
The consolidation of learning relies on the completion by the students of various 
activities, including the use of computational simulation and data processing applica-
tions obtained from remote access labs, as well as answering questionnaires, problem 
solving, forums participation and elaboration of synthesis texts. Three other cognitive 
domains are explored with the performance of the various types of activities:  
• Implementation, corresponding to the use of abstract representation in concrete and 
specific cases. The use of simulation tools, the remote access labs and problem 
solving are clear examples of the tasks framed in this cognitive domain; 
• The analysis capacity (separating elements and establishing hierarchies and rela-
tions) is explored through the activities that involve decomposition and recombina-
tion of information and knowledge. Data processing, either collected from labs via 
remote control access or supplied in the framework of problem solving, or the ap-
plication of analytical models for adjusting time evolutions obtained through moni-
toring processes, are good examples of the exploitation of this cognitive domain; 
• The synthesis capacity (elements and separate parts merging to form a whole), is 
developed by tasks that aim to induce the original construction of new contents in a 
coherent way. The required texts, as result of the students reflexion process or as 
reports of activities, are framed in this cognitive domain. 
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The students learning activities are carried out in accordance to the schedule de-
fined and publicised at the beginning of the course. The period for delivering reports, 
the answers to questionnaires and the participation in discussion forums are clearly 
defined. The feedback to students on their performance in the various activities is 
given by the teaching staff via the Moodle platform. There is an improvement period 
at the end of each of the modules in which the students may submit new versions of 
some of the activities, in view of the comments and indications formulated by the 
teaching team members. The knowledge assessment tests are excluded from this pos-
sibility. 
The importance of discussion forums is outlined in [6]. The forums are also used as 
communication tool between the various players in the course. A general forum is 
present in the entire length of the course, where students may discuss general themes 
within the course context, launch discussions, share experiences and post general 
questions. As stated in [6], ‘online discussion fora are a valuable component for every 
e-learning System’, enhancing the communication between the learners. Within the 
IECB course there is a particular forum for each module, where specific questions and 
doubts should be addressed. 
Two examples of the virtual labs used in the context of the course are presented in 
Figure 3. The first application is a Microsoft Excel spreadsheet, previously developed 
to support lectures on Thermal Comfort contents [1]. In the context of this course, it is 
used for a training exercise to be developed by the students. A sensitivity analysis on 
the thermal comfort indices – PMV and PPD – and the several input parameters for 
the calculation are included in this work. The main objective of this exercise is that 
students acquire sensitivity for the relative and absolute effects on the thermal com-
fort sensation of both the environmental parameters (air temperature, mean radiant 
temperature, air velocity and partial vapour pressure) and the individual parameters 
(metabolic activity rate and clothing thermal insulation). It also allows students to 
realise the relative distribution of heat loss in the human body. The result of this anal-
ysis is required in the form of a conference paper in order to develop the student ca-
pacities of data analysis and information synthesis. 
The other computational tool [7], developed in LabView, uses a finite difference 
solution of the differential equation that models the distribution over time of a pollu-
tant concentration in a unizone indoor space. In this case, it simulates the evolution of 
the concentration of metabolic CO2, in function of the various parameters, namely, the 
volume of the space, the presence/absence of occupants, the occupants metabolic rate 
and body mass, the fresh air flow rate, the initial concentration of the pollutant and its 
concentration on the outside air. 
This tool is used in one of the webinars in Module 2, which focuses on the evolu-
tion over time of a pollutant concentration. As it is possible to generate a movie show-
ing how the pollutant concentration evolves as a function of the input parameter varia-
tion, this provides an interesting way of explaining the analytical method used for 
modelling these phenomena, contributing decisively towards a better understanding 
by the students. 
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a) 
 
b) 
Fig. 3. Examples of virtual labs used in the learning activities 
a) Computational application for thermal comfort indices calculation (Activity 1.2 of Module 1) 
b) Virtual lab for time evolution simulation of a pollutant used in a Webinar in Module 2 
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In Figure 4 are presented examples of two activities performed in Modules 3 and 4. 
As stated in [8], remote labs are receiving increasing attention. Moreover, these ‘may 
play a relevant role complementing theory and practice’ [9].  Herein, the first activity, 
presented in Figure 4.a, is a remote access lab, in which a real time environmental 
noise monitoring system is used [10], [11], [12]. This system is based on a virtual 
instrument application developed in LabView, for signal acquisition from a precision 
microphone through a National Instruments setup. Data post-processing allows the 
calculation of environmental noise descriptors and their evolution over time. Data 
display is done in Java Script putting together the measured data and real-time images 
of a webcam showing road traffic. 
Through the provision on a website of the time evolution of the noise equivalent 
level simultaneously with real time images of the road traffic intensity in the zone, 
student understanding of the connection between these two variables is promoted. The 
students task, after visioning the remote access lab dynamic content, consists in pro-
cessing data from one complete day, calculating the equivalent noise levels for differ-
ent periods of the day (morning, evening, night), using the files available for down-
load in the website. 
In the activity referred in Figure 4.b, a file is provided with the results of a measur-
ing campaign of the illuminance level in a workplace, containing data collected with a 
lux meter in a 2.5 x 2.5 cm square mesh. Based on this information, students are 
asked to calculate the average illuminance indicators in the workplace, in agreement 
with the corresponding standard, and to discuss the sampling spatial magnitude effect 
on the uncertainty level of the obtained descriptors corresponding to the average illu-
minance and uniformity. 
4 Conclusions 
The methodology followed for designing and implementing a distance-learning 
course on Indoor Environmental Comfort in Buildings was presented. One of the 
main challenges faced by the members of the teaching team was guaranteeing that the 
strategies used in the learning/teaching tasks enabled a strong interaction between the 
students and their participative involvement, given the fact that the course was entire-
ly run in a distance-teaching mode. The existence of some previously developed tools 
and the nature of the subjects under study enabled to achieve this challenge success-
fully. The challenges that the students have to face in the different activities enabled 
their learning progress based on their own work. The help towards a better under-
standing of the subjects provided by different support resources was positively 
acknowledged in the assessment of the course 1st edition. One particular issue was 
the positive role of the webinars as complement to the subjects/contents presentation. 
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a) 
 
b) 
Fig. 4. Examples of activities used in the learning activities. 
a) Remote Access Lab used in Module 3 (Noise and Vibration) 
b) Analysis of data of a illuminance measuring campaign (Module 4 – Lighting) 
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